1. INTRODUCTION {#sec1-1}
===============

Urolithiasis is a multi-factorial disease, the presence of which in daily urology practice is with the incidence of 0.5% in Europe and the United States of America, whose prevalence has been on a constant increase ([@ref1]). Prevalence of symptomatic kidney stones amounts to 5-10%, generally in the total population, with a slight predominance in males ([@ref2], [@ref3]). Prevalence of the kidney stones in the United States of America has increased by 37% in the period from 1976-1980 to 1988-1994 for both males and females ([@ref1]). The biggest number of the kidney stones are calcium stones, than acid uric making about 9%, struvite (magnesium ammonium phosphate hexahydrate) making approximately about 10% and the rest of 1% is presented by all the other stones (cystine, drug stones, ammonium acid urate) ([@ref4]). Reference books data show that there is an increase of prevalence of calcium phosphate stones (Calcium phosphate--CaP) in the last two decades, predominantly with women ([@ref5], [@ref6]). Prevalence of kidney stones has been on the increase in several countries, in parallel with the increase in overweight and diabetes (type 2 diabetes) and hypertension ([@ref1], [@ref7], [@ref8], [@ref9]) Iba A and associates have shown that the metabolic syndrome, under which overweight is classified, causes changes in urinary constituents, leading to the increased risk of occurrence of urate and calcium kidney stones (uric acid stone and calcium stone) ([@ref10]). In the last 10 years, the incidence of the kidney stone has been on the increase in the pediatric population and this increase has gone in parallel with a significant increase of pediatric overweight in the USA ([@ref11]). The correlation between overweight and kidney stones has been documented for the adult population as well. Body Mass Index (BMI) presents a useful tool in overweight screening. The goal of our research was to evaluate correlation between calcium nephrolithiasis and overweight, quantified using Body Mass Index (BMI) with adult population, with a particular overview of the age sub-groups within it.

2. MATERIAL AND METHODS {#sec1-2}
=======================

The research included 120 patients with calcium lithiasis of the upper part of the urinary tract and 120 patients without lithiasis. The group of patients with the calcium nephrolithiasis presented a working **group**, while the group of patients without nephrolithiasis presented a **control group**. The research was prospective and it was implemented at the Clinical Center of Banja Luka, at the Urology Clinic in the period from 1^st^ April 2012 to 1^st^ January 2013. Diagnosis of the calcium lithiasis of the upper part of the urinary tract was determined on the basis of ultrasonography of the urinary tract, which was initially performed on all the patients of both working and control group, as well as native urography of the urinary tract/intravenous urography and chemical analysis of the stone of the patients, who have later had a spontaneous emission of the stones or after some of the methods for active removal of the stones, with the patients of the working group. Excluding factors were chronic immobilization, anatomic and functional disturbance of the urinary tract, which, as a consequence, cause obstructive uropathy, hyperparathyroidism, history of malignity as well as other comorbidities, medications or diets that could result in secondary hypercalciuria.

The BMI was obtained on the basis of bodily weight and height of the patients, using the following formula:
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Categorization of the BMI was as follows: the values of the BMI 18.5 -- 25 presented normal weight, the values below 18.5 signified underweight, the values of 25-30 overweight and the values above 30 signified that the individuals are obese. The age and sex specified reference values of the BMI developed by the Centers for Disease Control and Prevention (CDC) were not used in the calculation of the BMI.

3. RESULTS {#sec1-3}
==========

Demographically speaking, the samples of working and control group of 120 patients included 40 persons in the following three age categories: 20-40, 40-60 and above 60 years.

The average age of the **working group** amounted to 50.19 years with the standard deviation of 15.60. The basic descriptive characteristics of the age structure of the total working group sample are given in [Table 1](#T1){ref-type="table"}.

###### 

Demographic characteristics of the total working group sample.
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According to the age categories of the working group sample, descriptive characteristics are shown in the following manner ([Table 2](#T2){ref-type="table"}).

###### 

Demographic characteristics of the working group sample by the age categories.
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Sex structure of the sample was not completely balanced, as the sample contained 52.2% men and 47.5% women ([Table 3](#T3){ref-type="table"}).

###### 

Sex structure of the total sample of the working group by the age categories
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The average age of the **control group** amounted to 48.68 years with the standard deviation of 17.03. The basic descriptive characteristics of the total sample of the control group are given in [Table 4](#T4){ref-type="table"}.

###### 

Demographic characteristics of the total sample of the control group
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According to the age categories of the working group sample, descriptive characteristics are shown in the following manner ([Table 5](#T5){ref-type="table"}).

###### 

Demographic characteristics of the control group sample by the age categories
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Sex structure of the sample of the control group was not completely balanced, as the sample included 40% men and 60% women ([Table 6](#T6){ref-type="table"}).

###### 

Sex structure of the total control group sample by the age categories.
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Having analyzed the BMI category per age group of the **working group,** the trial showed that with the youngest age category there was the smallest share of overweight and obese patients ([Figure 1](#F1){ref-type="fig"}.). In the total sample of the working group there were no underweight patients.

![Overweight (expressed through the BMI) by age groups of the working group](MA-67-423-g008){#F1}

Analysis of the BMI **according to age categories of the working group** has showed that there is statistical dependency between the BMI and age group. [Table 7](#T7){ref-type="table"} shows that the differences were statistically significant (p\<0.05) (p-values are in the last column).

###### 

Chi-Square test (connection of the BMI and age group) of the working group.
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On the other side, the value of the BMI working group was not related to sex, that is, the differences that occurred (men got worse results) are not statistically significant, which was confirmed by the Chi-Square test (p\>0.05). This is shown by [Figure 2](#F2){ref-type="fig"} and [Table 8](#T8){ref-type="table"}.

![Structure of patients of the working group by sex in terms of overweight](MA-67-423-g010){#F2}

###### 

Chi-Svadrat test (connection of the BMI and sex) of the working group
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In the **control group** of patients, as well as in the working group, there is a connection between overweight and age group, but not between the overweight and patients' sex. The following [Figure 3](#F3){ref-type="fig"} shows the structure of the patients' control group according to the BMI categories in relation to the age group. It is clearly seen that in the youngest age group, there is a smaller share of the overweight in relation to the older groups. [Table 9](#T9){ref-type="table"} shows that differences in percentages (%) of the BMI per age structures of the control group are statistically highly significant (p\<0.01). In the total control group sample, there was one underweight patient.

![Overweight (expressed through the BMI) by age groups of the control group](MA-67-423-g012){#F3}

###### 

Chi-Square test (connection of the BMI and age group) of the control group.
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Values of the BMI control group were not connected to sex, that is, the differences that existed are not statistically significant, which is confirmed by the Chi-Square test (p\>0.05). This is showed by [Figure 4](#F4){ref-type="fig"} and [Table 10](#T10){ref-type="table"}. It is noted that in each of these categories, from the point of view of being overweight, there is a bigger number of women, which is the result of domination of this sex in the control group sample.
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###### 

Chi-Square test (connection of the BMI and sex) of the control group.
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Analyzing the values of the BMI in terms of age groups, where in the working group there was a statistically significant difference, whereas the control group had a statistically highly significant difference, testing of the statistical significance of the average BMI value was done by the observed age groups of working and control group, as well as in the total sample of the working and control group using the Chi-Square test and T-test for independent samples (Tables [11](#T11){ref-type="table"}, [12](#T12){ref-type="table"}, [13](#T13){ref-type="table"}, [14](#T14){ref-type="table"} and [15](#T15){ref-type="table"}). Having observed the age group 20-40 years, statistically significant differences were observed at the level of risk of 10%, which implies that there is a connection between the categories of the BMI and the group, which the patient comes from (Chi-Square test p-0.05) and T-test have shown that the values are different at the level of 10%, i.e. p\<0.1 (p=0.073). Specifically, the difference between the average BMI values (working 24.9 and control 23.5) is not significant with a general reliability of 95% (risk of 5%), but it is significant with a somewhat higher risk degree. When observed for the age group of 40-60, there was no dependency between the category of the BMI and the group, that is, the differences are not statistically significant, p\>0.05 (Chi-Square test p=0.314). In addition to this, the average values of the BMI are not statistically different, p\>0.05 (t-test p=0.871). Having observed the age group of older than 60 years old, there was no dependency between the category of the BMI and the group, that is, the differences are not statistically different, p\>0.05 (Chi-Square test p=0.167). Results of the T-test have shown that there is a significantly higher average value of the BMI in the control group, when compared to the working group of p\<0.05 (p=0.013). When observed at the total sample of the working and control group, there was no dependency of the category of the BMI and the group (or urolithiasis), p\>0.05 (Chi-Square test p=1.208) and the results of the T-test have showed that there was no statistically significant difference of the arithmetic mean values of the BMI of the working and control group, p\>0.05 (t-test p=0.620)

###### 

Arithmentic mean of the BMI in the age group of 20-40 years of the working and control group.
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###### 

Arithmetic mean of the BMI in the age group of 40-60 of the working and control group.
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###### 

Artithmetic mean of the age group \>60 years of the working and control group.
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###### 

Arithmetic mean BMI on the total sample of working and control group.

![](MA-67-423-g019)

###### 

Testing of the statistical significance using the Chi-Square test and T-test for independent samples
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4. DISCUSSION {#sec1-4}
=============

Numerous epidemiological studies have shown that there is an evident growth of the urolithiasis together with the increase of the BMI. It is known that the metabolic changes in the sense of "morbid overweight" lead to an increase of the risk of occurrence of urolithiasis. With an increase of the BMI, the patients get into a soft metabolic acidosis, which results with an increase of acid excretion (decline of pH of urine) and decline of citrate excretion, a significant increase of urinary excretion of calcium and uric acid, which may lead to the occurrence of the calcium and uric acid stones ([@ref10], [@ref14], [@ref15], [@ref16]). Other studies have also shown that the metabolic syndrome has been associated with an increased risk of occurrence of uric and calcium stones, due to lower values of pH urine and increase of acid uric excretion, which is a cause of occurrence of uric acid stone, as well as decrease of citrate excretion and increase of excretion of acid uric and calcium, which leads to occurrence of calcium stones ([@ref10]). Metabolic syndrome, which has been defined by existence of increased BMI, hypertension, insulin resistance and dislipidemia, in any case, shows more abnormality which are in correlation with increased risk of occurrence of urolithiasis. Dr Dean Assimos, at AUA Annual Meeting in 2011, presented in detail the way of metabolic syndrome and concluded that diabetes, hypertension, coronary artery disease and increased BMI have been associated with an increased risk of occurrence of kidney stones ([@ref17]). The correlation between overweight and kidney stones has been documented for both adult as well as pediatric population. It is completely clearly defined what the overweight patients should do in the sense of decreasing the risk of occurrence of kidney stones. First, the bodily weight should be reduced, as much as possible, as with a significant loss of surplus kilograms the risk of occurrence of urolithiasis will decrease. Second, with or without reduction of the bodily weight, there are also steps that could lead to decrease of the risk for occurrence of the kidney stones. Namely, adequate intake of liquid is necessary to provide adequate dilution of urine, supplementation of citrate, as an inhibitor of occurrence of the calcium lithiasis, decreased level of proteins, in order to decrease acidosis they lead to, as well as decreased intake of salts, which may also decrease the calcium excretion.

The results of our study have shown that, by the usage of Chi-Squate test and T-test for independent samples, that there was a connection between the overweight and age group, in the sense that the overweight was statistically significantly more present in the older age sub-groups of both groups of the patients, with and without urolithiasis, as well as that there was no dependence between overweight and patients sex. The results of our study have shown that in the age group (20-40 years) there was a statistically significant difference at the risk level of 10%, which says that there was a correlation between the categories of the BMI and the group from which the patient comes (Chi-Square test, p-0.05) and T-test have shown that the values are different at the level of 10%, i.e. p\<0.1 (p=0.073). Specifically, the difference between the average values of the BMI (working 24.9 and control 23.5) was not significant with an usual reliability of 95% (5% risk), but it has been significant with a big higher degree of risk. When observed at the total level of the working and control group, there was no dependence of the BMI category and group (or urolithiasis), p\>0.05 (Chi-Square test p=1.208), and the results of T-test have shown that there was no statistically significant difference of arithmetic mean values of the BMI of working and control group, p\>0.05 (T-test p=0.620). There were no statistically significant differences at the level of older age sub-groups (40-60 years, \>60g). Partial deviation of the results of our study, from the results of other authors who have unambiguously shown the correlation of overweight as a part of metabolic syndrome with the occurrence of kidney lithiasis, may be caused by the fact that the sample of our research, from the point of view of overweight would contain a much lower number of overweight patients (BMI\>30) in relation to the remaining number of patients in the sample from the point of view of other categories of the BMI (BMI\>30), with a conclusion that, still, in the age group of 20-40 years of age, there was correlation of overweight with urolithiasis.

5. CONCLUSION {#sec1-5}
=============

Overweight in the younger age group of adult population may be connected to the occurrence of calcium nephrolithiasis, which is why we suggest that the urolithiasis should be considered with the same ones as a part of overweight, by which the change of living habits and manner of nutrition could prevent this disease.
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